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ABSTRACT 

Classical  Monte  Carlo  simulation  techniques  have  been  used  in  “ 

spectral  methods  for  constnicting  the  ground  ='"‘*  of  A^Atn  ctasters. 

nf  atomic  aa^^reeates  to  predict  the  structures  and  optical  absorption  spectra  or  /u  n 
The  new  soectral  theory  properly  accounts  for  the  change  in  electronic  state  character 

of  AlAru  clusters  [James  M.  Spotts,  Cht-an  Wong,  Manh™  Jota™  ^  , he  location 

Proceedings  of^eHEDM  Co^ciors  ^  2  4  s  a“s  A1  in  the  pumtive  3p  -> 

L  “e  of r  Al-Ar  diatom,  an  avoided  crossing  betrveen  the  a  components  of  rte  3d  an^4p 

manifolds  is  expeaed  to  play  a  crucial  role  in  the  observed  ^^kTaUs^toented 

tHp  n  7c;l  2n5d4f)/r7s6p4d3fl  atomic  natural  orbital  basis  set  of  Widmark  et  pp 
^;Kisi»  i"  coniunction 

configuration  interaction  (MRCI)  calculations  from  a  [  j  ]  (  diatomic  potential 

complete  active  space  reference  wavefunction,  was  used  to  calculate  the 

energy  curves  which  correlate  ^g\c^^2”^poteSt^  and  Slaman.  Detailed 

interaction  energies  were  computed  using  the  HFDB2  potential  or  ^ 

comparisons  are  made  of  the  calculated  spectra  with  the  available  measured  d  . 

^  APOSR  University  Resident  Research  Professor,  1997/1998. 


SPECTRAL  THEORY  OUTLINE 

Diatomic  wavefunctions  written  as  ^ 

atomic  product  states  (direct  product  of  A1  and  Ar 

states): 

A1  At 

{3P,  4S,  3D,4P}®  {ISO} 


4,  =  {  3P+,«'So,  3Po«’So,3P-,«’So,4S«’So.3D«‘'So..-,4P-i«’So} 
=  {  3P+1,  3Po,3P-i,4S,3D+2,--AP-i) 


vp  =  {X"n,AXB"X, (3)'n) 


(I)  =  U‘'P 

Hamiltonian  for  atomic  cluster  given  by. 

H  =  X 

=  D‘  U‘  E  U  D 

H(s»)  =  spin-orbit  coupling  operator  for  A1  atom. 


E  =  diagonal  matrix  of  diatomic  interaction 
energies  (X,A,B?Cv-  state  energies) 

U  =  unitary  matrix  which  transforms  from  the 

diatomic  basis  to  the  atomic-product  basis. 

D  =  transformation  matrix  connectmg  the  “rotate 
and  laboratory  coordinate  systems. 

Atomic  state  mixing  parameters  Uij  obtained  from^^ 
eigenvectors  of  the  diatomic  and  “spectral-product 
transition  moment  matrices:  U  =  Ud  (Usp) ,  where  Ud  an 
Usp  obey  the  following: 

=  (Ud)‘  m)  Ud 

and 

^sp  =  (Usp)‘  n(R  Usp 


This  is  “exact”  only  in  the  case  where  X^sp  -  X,d. 
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CONCLUSIONS 


1 .  A1  is  located  on  surface  of  clusters. 

2.  For  AlAr,  absorptions  in  the  3 1 1-306  nm  range  are 
due  primarily  to  3p  ->  3d  transitions.  Absorption  peaks  at 
305  and  292  nm  are  due  to  3d  ->  4p  transitions. 

3 .  In  the  B&W  limit,  the  3d-4p  transitions  are  missing  m 
the  simulated  spectra  due  to  improper  description  of  the 
avoided  crossing  between  the  3d,4p  11  states. 

4.  Simulated  spectra  do  not  reproduce  observed  red-shift 
in  3p  ->  3d  absorptions.  This  may  be  due  to  missing  non¬ 
additive  effects  in  the  ground  state  potential  energy 
surface  of  the  clusters. 
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